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Motivations

* What is magnitude of halogen input to the tropical lower stratosphere
from organic and inorganic species (focus on bromine)?

* How does tropical convection in the West Pacific influence the
composition of air entering the stratosphere?

* How can tracers of different lifetime/sources be used to diagnose
transport and chemical processes in the TTL?

 What is relationship of tracer distributions to cirrus formation and cloud
distributions?

* CONTRAST: define vertical distributions, variations, sources; transport to/into the
base of the TTL

e ATTREX: evaluate variation and transport through TTL and into lower stratosphere.

* CAST: define geographic variability of chemical composition in the marine
boundary layer and mid-troposphere

e January — February, 2014; Guam
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Focus on AWAS tracers

* Organic Bromine Measurement
* Vertical Distribution/Composition

 Trace Gas Variability in the TTL

 Vertical profiles and influence of transport
* Tracer correlations/source identification

¢ Impact of strong convection
* relation to clouds/convective outflow




Tracer Selection

e Organic Halogen (VSLS)
—>Br: CHBr;, CH,Br,, CHBrCl,, CHBr,Cl, CH,BrCl, + ?
—>Marine biogenic emissions; weeks to months
—1: CH;l
—>Marine biogenic emission; days
—>Cl: CH,Cl,, C,Cl,
—>NH anthropogenic emission; months (changing emissions)
* Organic Nitrates
—>Methyl nitrate (CH;ONO,)

— Equatorial marine photochemical/biochemical emission; weeks

* Hydrocarbons
—>C2: Ethane (C,H¢), Ethyne (C,H,)

—> NH anthropogenic emission; weeks (ethyne), months (ethane)




Organic Bromine — CONTRAST/ATTREX

ALT  VSL Br std dev

TOTAL
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Variation of Organic Br across

Potential Temperature (K)
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Total organic Br in the tropics

Tropopause
UPPER Trop (340-360 K) (375 - 380 K)

This Work This work

19.2 (0.8) 17.9 (0.6)

4.26 (0.72) 3.16 (0.47)

7.23 (0.33) 7.12 (0.30)

7.75 (0.16) 7.54 (0.10)



Methane

Tracer correlation matrix:
ATTREX 2014
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Winds/WV during ATTREX circle flight near Guam
02/17/14: 0800 UTC
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Ethyne (C,H,) and Water (vapor & total)

Water/Total Water (ppmv) [NOAA]
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Vertical distribution of CH,Cl, in TTL during
ATTREX
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Vertical distribution of CH,Cl, in TTL versus
latitude
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Vertical distribution of CH,Cl, in TTL versus
latitude
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Winds/WV during ATTREX flight in Southern
Hemisphere (03/09/14: 2200 UTC)
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VSL and Total Organic Br profiles

Altitude (m)

18x10° Loatitud:e}o “
17 -
16 -
15 —
14 —

T OO T T i\
2 3 4 5 6 14 16 18 20
VSL-Br (pmol/mol) Total Br (pmol/mol)



Altitude (m)

Altitude (m)

18x10

CH,|

8x10°

=ilo) £5 0 B 10 15 20

Latitude

CHBr,
:go
o ©

Vertical profiles
of marine trace
gas emissions

0.5

0.6 0.7 0.8 0.9
Dibromomethane (pmol/mol)

1.0

0.2

0.4 0.6 0.8 1.0
Bromoform (pmol/mol)

Methyl Nitrate (pmol/mol)



Flight track: 03/04/2014 (Faxai flight start)




Flight track: 03/04/2014 (Faxai flight)
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Flight track: 03/06/2014
(High methyl nitrate/low methyl iodide)
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* Extensive measurements of trace gas profiles in the
Western Pacific:

* Define magnitude/composition/gradient of organic
bromine in the TTL

* Use of tracer source/lifetime information to diagnose
transport regions
e Vertical profiles
* Interhemispheric transport

* |dentified impact of tropical storm convection on
magnitude of short-lived species in the TTL



